Coregonine fish represent the most successful evolutionary lineage of salmonids with Coregonus as the most speciose salmonid genus inhabiting numerous postglacial lakes across the northern hemisphere. We isolated and characterized 31 polymorphic microsatellite loci in Coregonus clupeaformis with an average number of 5.3 alleles per locus (range three to eight) and an overall expected heterozygosity of 0.74 ± ± ± ± 0.11. Two loci revealed significant linkage associations through analyses of mapping families. Six additional salmonid taxa assessed for cross-species amplification revealed between 18 and 26 positive amplifications and between two and 12 polymorphic loci per species.
Coregonine fish represent the most successful evolutionary lineage of salmonids and consist of three genera, Prosopium , Stenodus and Coregonus . Their broad circumpolar distribution in the northern hemisphere has a southern limit that parallels the maximum glacier advance during the Pleistocene. Coregonus is the most speciose salmonid genus with over 28 recognized species (Reshetnikov 1988) . The lake whitefish ( Coregonus clupeaformis ) is unique as it consists of a species complex with reproductively isolated limnetic and benthic species pairs coinhabiting numerous lakes in eastern Canada. As such, these young species are noted to be unique systems within which evolution and speciation may be investigated (Rogers et al . 2001; Bernatchez 2004 ). Furthermore, lake whitefish have long been recognized as an important sport and commercial freshwater fishery resource (Hoyle & Mathers 2002) . These factors have necessitated the development of genetic tools to assist in the study of their evolution and conservation. To this end, we have developed whitefish microsatellite markers for the purpose of integrated genetic mapping and population genetics approaches. Here, we present 31 new C. clupeaformis microsatellite loci and examine crossspecies amplification of these loci in the pygmy whitefish ( Prosopium coulteri ), common whitefish ( C. lavaretus ), rainbow trout ( Oncorhynchus mykiss ), arctic charr ( Salvelinus alpinus ), cisco ( C. artedi ) and Atlantic salmon ( Salmo salar ).
Genomic DNA was extracted from a lake whitefish liver using standard proteinase K phenol-chloroform techniques (Sambrook et al . 1989 ) and pooled in a partial Sau3A1 digest. Fragments ranging from 400 to 900 bp were purified from a 1.7% agarose gel using DEAE paper (Sambrook et al . 1989) . These fragments were then ligated into the Bam HI site of phosphatase-treated pUC18 ('Ready to go' kit; Pharmacia). Competent DH5 Escherichia coli cells (Gibco BRL) were transformed with the ligation products and grown on agar plates containing X-Gal and IPTG. Colonies were blotted on Hybond N+ nylon membranes (Amersham) which were hybridized with synthetic (TC) 10 , (TG) 10 (CAC) 5 CA, CT(CCT) 5 , CT(ATCT) 6 and (TGTA) 6 TG probes labelled with the digoxigenin (DIG) oligonucleotide kit (Boehringer Mannheim). The DIG nucleic acid detection kit (Boehringer Mannheim) was used for detection. Among the 1600 clones of the partial library screened, 151 ( ∼ 9.4%) were identified as positive. DNA from positives was extracted using the QIAprep plasmid DNA prep kit (Qiagen) and sequenced after cycle sequencing using Big Dye Terminator version 3.0 (Applied Biosystems, Inc.) using an ABI 377 automated sequencer. All of these clones contained microsatellites with 31 primer sets amplifying polymorphic and scorable products in C. clupeaformis . Characteristics of these primer pairs are described in Microsatellite amplification was performed by extracting total genomic DNA from fin tissue using a standard phenol-chloroform procedure. The polymerase chain reaction (PCR) was performed in an 10-µL volume with 25 -50 ng of DNA, 0.5 pmol each primer, 75 mm each nucleotide, 15 mm MgCl 2 , 1 µl reaction buffer (100 mm Tris-HCl, pH 9, 500 mm KCl), 1 U of Taq polymerase (Applied Biosystems, Inc.) and 0.375 mm of dUTP TAMRA (Molecular Probe) fluorescent incorporation labelling. The PCR reactions were carried out in an Applied Biosystems 9700 DNA thermal cycler with an initial denaturation time of 3 min at 95 °C followed by 30 cycles of 95 °C for 30 s, 30 s at the locus-specific annealing temperature (see Table 1 ) and 60 s at 72 °C and 5 min of final elongation at 72 °C. The PCR products were separated by electrophoresis on 8% denaturing polyacrylamide gels. Bands were visualized on an FMBIO II scanner (Hitachi) with the number and size range of alleles scored using the genescan-500 size standard (Applied Biosystems, Inc.). Locus variability was analysed using 10 samples of C. clupeaformis originating from East Lake (n = 3), Cliff Lake (n = 4) and Temiscouata Lake (n = 3) (Table 1; see Lu et al. 2001 for location details). The observed and expected heterozygosity were calculated using the software genetix 4.03 (Belkhir 2000) .
The number of alleles among polymorphic loci ranged from three (Cocl-Lav5, Cocl-Lav49 and Cocl-Lav69) to eight (Cocl-Lav6, Cocl-Lav23 and Cocl-Lav84) with an overall average of 5.3 alleles per locus. Expected heterozygosity ranged from 0.51 (Cocl-Lav10) to 0.84 (Cocl-Lav80) with an overall expected heterozygosity among the 31 loci of 0.74 ± 0.11 (Table 1) . As similar allele frequencies were observed among populations, we grouped all individuals (n = 10) in order to test for Hardy-Weinberg equilibrium using the Markov chain method implemented in genepop version 3.1 (Raymond & Rousset 1995) to estimate the probability of heterozygote deficiency for each locus (Guo & Thompson 1992) . One locus, Cocl-Lav221, revealed a significant heterozygote deficiency (P = 0.004). Null alleles may have contributed to the heterozygote deficiency observed for Cocl-Lav221 but more individuals will be needed to test this hypothesis. One microsatellite, Cocl-Lav49, was duplicate in the genome with the primer sequence amplifying two loci around 164 and 350 bp, respectively. Approximately half of these reported loci have been segregated into lake whitefish linkage maps dependent on locus polymorphism in parents of controlled crosses (Rogers, unpublished) . Using linkmfex (Danzmann & Gharbi 2001) , segregation results from pairwise comparisons of loci from two outbred whitefish families (n = 51 and 56) assessed linkage for these loci. Two loci (Cocl-Lav19 and Cocl-Lav23) were linked with significant likelihood odds ratio scores of 2.72 and 10.40 in the two families, respectively. Cross-species amplification using three individuals from each species (originating from different populations) revealed successful amplification (denoted by +) on average 68% of the time over all loci used. Polymorphic loci (denoted by ++) were found on average 20% of the time over all loci with P. coulteri and C. lavaretus amplifying the most polymorphic loci (39 and 35% of all loci, respectively) ( Table 2) . These results confirm the integrated amenability of these C. clupeaformis primers towards population and linkage genetic analyses for lake whitefish and closely related species of ecological and economical interest. −, no amplification; +, amplification but insufficient data to determine polymorphism; ++, amplification and polymorphism; Total Amp, total number of + and ++ within species; Total Poly, total number of ++ within species. Table 2 Cross-amplification data of six additional taxa using three individuals of each
Cocl-Lav1
+ + + − + + + Cocl-Lav4 + + + + + ++ ++ − Cocl-Lav5 − − − + − − Cocl-Lav6 + + + + + − − + Cocl-Lav8 + + + ++ − − − Cocl-Lav10 ++ + + ++ + ++ Cocl-Lav15 − + + + + − Cocl-Lav18 ++ ++ − + + − Cocl-Lav19 − − − − − − Cocl-Lav22 − − − − + − Cocl
